Abstract: Electrical energy has been used for decades to power domestic equipment, small and large industries and transportation with the electrification of everything, the availability of electricity becomes crucial. In order to guarantee the continuity of the electrical energy supply, companies must have effective means to prevent risks that may arise on the electricity networks. This paper is focused on the risk of insufficient power supply for end customers. The solutions consist of upsizing the existing equipment configuration and/or add other equipments in order to guarantee an increase in power supply. The proposed approach is based on distributed artificial entities corresponding to the distributed enterprise actors. We propose a control system, based on a decision making system to help decision-makers to take the best scalability solution. The results show that the degree of effectiveness of each type of scalability depends on one electrical system configuration to another.
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Introduction
Companies are usually part of a so-called supply chain (SC) structure; these companies can themselves constitute a SC because of the distribution of their activities (production, distribution…). Given the distribution of different activities of the companies, many needs have to be taken into account, giving rise to decentralised decision-making, generally, to gain in response time and cost.
It is noteworthy that an enterprise performance is not relative to a static state but it is the result of a series of improvements and progress. In order for a company to be in continuous progress and in constant dynamics with its environment, it must be able to adjust and self-regulate to meet certain needs.
In fact, an enterprise must be flexible according to environment changes. It must then be able to respond to new uncertainties, in particular those about the increase in the quantity of its orders or the number of its customers, and thus, at the risk of not being able to meet the new customers' expectations in terms of service or product availability and reliability.
On the basis of this principle, the company needs to develop risk mitigation mechanisms, for example by increasing the number of its production entities, or by reducing them in relation to new requirements and constraints imposed by its structure, its economic, legal, technical environment and environmental aspects. The most adequate solution seems to be scalability, also called scaling.
We can define scalability according to the context of employment. In SC, the infrastructure's scalability problem is that it must respond to the quality of service, knowing that the number of customers and demand increases, along with the SC expansion increases in a dynamic environment. According to Ball et al. (2002) , the quality of service has many dimensions: the end-to-end latency between the times a request is made and the time a response is obtained, the quality of data related to the value of response and the ability to achieve performance goals in dynamic and unpredictable environments.
It is notable that scalability can be defined on two axes: efficiency (achieving results by minimising the cost of resources and processes) and effectiveness (achieving results in accordance with a given objective).
Decision support systems (DSSs) are computer technology solutions that can be used to support complex decision making and problem solving (Shim et al., 2002) The decision-making process is the result of consultations between several actors simultaneously. Thus, companies thus adopt new configurations by investing in projects to improve or launch a product (goods or service) or a process (production, etc.) . In this paper, decision-making is made to achieve the best alternative for scalability of a distributed enterprise, using a multi-agent system because of the distribution of company structure.
The main purpose of this paper is to propose a control system based on a decisional module to meet SC needs in terms of scalability. As a case study, we take the SC of power energy, more particularly, the electrical energy to supply industrial structures. Given the fact that there are several states of an electrical system, a control system must guarantee its functioning by proposing the right decisions at the right time. One of the problems that can arise is overloading which can even cause a total shutdown of the system. It is than necessary with such an SC type, to minimise risks while modifying the structure of electricity production and distribution infrastructure (adding, removing or modifying an element of the SC).
We are interested in a SC which includes many actors related to production, distribution and storage of electric energy. Our contribution will concern:
• The integration of a subsystem to the previously existing system at the functional level (process), which will give us results obtained by one solution of scalability or another.
• The study of risks that can appear in the studied existing system and risk management in the SC at the process level, which must be ensured by integrating a DSS on a control system.
In order to clarify our contribution, Section 2 deals with the existing works on risk and scalability. Sections 3 and 4 present the proposed solution to solve problems including the different modules of the proposed architecture. Section 5 proposes a discussion of the results obtained and finally, the last section discusses about the conclusions and perspectives.
State of art
Before beginning the discussion of the work on scalability, we will first present the notion of risk. We focus on process risk and risk mitigation.
Risk on electrical SCs
According to Kumar et al. (2010) , process risk is the potential deviation of production in quality and quantity at the desired time (Chen et al., 2013b) The enterprise risk management is considered as a critical concept in the current business environment (Mathrani and Mathrani, 2013) . The notion of risk has been studied in enterprise context, we can cite Fraser and Simkins (2016) who consider the enterprise risk management as an expectation of good management and corporate governance. Also, Wang et al. (2016) aims to study the relationships among financing sources, research and development investment and enterprise risk.
Several studies have dealt with the notion of risk in SC; we cite Bogataj et al. (2016) who show interest in risk management in a global SC by identifying the causes of SC risks that may appear simultaneously. The authors cite different problems related to the notion of risk: risk identification, risk assessment and risk mitigation. They also cite other authors who have focused on risk identification and assessment, risk identification and mitigation, and risk assessment and mitigation. Truong (2014) discusses risk assessment methods in the SC cloud domain. He talks about risk categories of cloud computing in this context: organisational, regulatory, technical and legal risks. According to the author, organisations can achieve risk optimisation by controlling the probabilities of failures and/or the costs of failures.
Likewise, some models are presented in Matopoulos et al. (2016) . One of these models concerns risk mitigation and in a descriptive type of this latter, it quantifies the risks involved in SC operations based on a combination of current suppliers' locations and a financial risk of the suppliers. In the predictive type, a model estimates the time for supply operations for specific nodes to recover from possible disruptions in the SC. Such estimation is based on empirical data from historical disruption events.
In the context of electricity network companies, risk management is considered as a mainstream regime to enable the asset managers to translate corporate business values and requirements into a comparable, measurable and management dimension, namely risk (Mehairjan, 2017) .
Some papers treat the notion of risk in this context, like Kozhevnikov et al. (2017) who present the integrating resource planning (IRP) method to identify and minimise investment, production, financial, and environmental in the aim of ensuring the regional electric power industry's sustainable development. Likewise, Moja et al. (2016) cite five stages of risk assessment: establishing the context, identifying the risk, estimating the risk, evaluating the risk and controlling/responding to the risk. In addition, the main objective of their paper is to identify and assess risk associated with the electricity sector, mainly in the operations department (generation, distribution and transmission of electricity) at the Swaziland Electricity Company. A simplified risk analysis method was used in their study. Ioannou et al. (2017) present a review of risk-based methods. Authors provide a state-of-the-art of the quantitative and semi-quantitative methods that are used to model risks and uncertainties in sustainable energy system planning and feasibility studies. In the work of Guerrero-Liquet et al. (2016) , an energy service company which heads the design and installation of the photovoltaic plant was used to demonstrate the applicability of the designed and detailed risk identification model, the gap is that only one structure is taking into account and each of identified risk was defined basing on hypotheses.
Recently, Qiu (2018) proposed a probabilistic approach to transmission expansion planning contemplating risk. The conventional reliability criterion is replaced by a risk constraint. The proposed model allows risk-analysis, giving decision-makers the flexibility to choose a plan according to their individual risk-aversion levels and understand the multiple outcomes.
Some of companies risks can avoid include environmental pollution. In fact, production of electricity is generally done by large fossil-fuel power plants (coal, gas), installations of nuclear or hydroelectric power stations. These systems are very economical on a large-scale, but the transmission of electricity over long distances leads to carbon emissions, which are harmful to the environment.
Some works have been presented in the literature in this light; we quote the work of Chen et al. (2013a) which have quantitatively analysed carbon emissions throughout the life cycle of an electric SC. In Hong et al. (2016) , the study has conducted a structural path analysis based on the multi-regional input-output table to quantify the environmental transmission impact in a SC.
Regarding SC, it will need to be managed in a way that delivers the expected responses in terms of cost, quality and quantity. The following section shows the second part of the state of art relative to scalability.
Scalability
Concerning scalability, Ball et al. (2002) proposed an integration solution in the SC. According to the authors, the integration of SC is described by one or more input and output streams of products, services and information. The authors have some goals like to assess the impact on organisational performance of new decision support models and to determine the limits of scalability introduced with new architectures and implementation techniques.
In addition, Ranaiefar et al. (2013) have treated the following problem: the use of intensive data and the requirement of many explanatory variables to be precise are needed in freight forecasting models. They propose a modelling approach for structural equations. The latter is not as limited to a specific spatial structure as in the case of spatial regression models, and it allows the correlation of products. Three of the model characteristics are discussed: the indirect effects, elasticity of the SC, and inter-zonal supply-demand interactions. Zhao et al. (2003) identified two classes of systems: enterprise resource planning (ERP) and supply chain systems (SCMs), which are currently widely used to support the coordination of activities through the organisational partners composing the SC. The authors also refer to closely related systems and tools, such as supply chain infrastructures (SCI). They not only present a review of SCI architectures, but also describe in details a developed scalable SCI test and define an architecture and integration model. They use a middleware and collaboration-based architecture to achieve application scalability by integrating an advanced model available to the promise and a simulation model within the test bench, and thus, in order to know how to achieve business scalability.
In Durowoju et al. (2011) , the authors have focused on the impact of SC scalability and security on SC performance. Based on queuing theory, scalability is examined to see if it can moderate the relationship between cloud service and its alleged benefits. They propose an approach, to see if security and scalability affect business at the organisational and SC levels. Scalability is examined to see if it can moderate the relationship between cloud service and alleged benefits.
In Wang and Cong (2012) , authors have reviewed the literature related to SC management and its possible uses in electrical energy systems, especially in the context of climate change. Their study compares the management of an SC with that of an electricity SC. The purpose of their paper was to show the use of SC management for optimisation in the electricity sector in China.
We also have Preuveneers et al. (2016) who present a tool support and a methodology to analyse the scalability of distributed, feature oriented multi-tenant software systems in a continuous integration process.
Concerning electrical systems, the power and energy requirements of a storage system have to be covered by performance characteristics (Döge et al., 2016) . In the in the field of electrical networks, Kok et al. (2012) present a scalable energy management system in the aim of obtaining a dynamic pricing using a PowerMatcher. The authors consider the scalability of the technology as the ability to perform well under mass-application circumstances.
In the same domain, Xu et al. (2017) propose a model for energy storage cost. Since they take into account large-scale energy storage installations, so, they assume that the fixed storage installation cost, including the land and construction cost, scales linearly with the energy storage rating and can be incorporated in the costs proportional to the power and energy ratings.
Moreover, Takano et al. (2014) propose a scalable and distributed electrical power monitoring system utilising cloud computing, the system helps to reduce total cost of a power monitoring system and improve scalability.
In fact, there is a continuous increase in workload demands in the existing electrical physical infrastructure. Most of the time, an electrical system might not have originally been designed to support increased loads (Bhattacharyya and Singh, 2015) . Therefore, the solution is to adapt existing material or add material to ensure the functioning of the whole system. Hinker et al. (2018) described and envisioned a technical concept based on integrated energy for achieving higher adaptability to arbitrary transition paths.
Through the established state of the art, it is notable that many researchers have used the notion of risk in the field of electrical systems companies, solutions proposed deal risk management, risk assessment, and hazard identification. However, visions and case studies in literature do not consider the scalability as a solution for risk mitigation but a tool for more adaptability. Therefore, the current constraints of electrical networks, like customer demand improvement, need to have efficient solutions for energy supply. To this end, we focus our research on risk sharing and risk management on electrical energy SC. According to risks that can be identified in such an SC, we thought of applying a scalability solution to minimise the occurrence of some of these risks. Section 3 concerns the proposition of this paper.
Proposition
The aim of this section is to present the proposed solution of electrical energy SC scalability.
An electrical power SC management represents the integration of key business processes throughout generation, transmission and distribution until sale. This balances demand and electricity supply and related services that add value to customer and other stakeholders.
In general, the objectives of electric SC are:
• Energy supply: all consumers must be supplied with power.
• Guarantee of operations: system variables such as frequency, voltage profile and power transmitted through the lines must always remain within the permitted ranges.
In this work, we focus on the first objective. As compared to the traditional SC management field of research, the management of electrical energy SC will extend its scope in the following areas: management of electricity distribution contracts, information sharing, inventory management and risk sharing (Wang and Cong, 2012) . It is from this point of view that our contribution will be directed.
Representation of the scalability concept
For the sake of a good representation of our approach, we present the notion of scaling described in the work of Putnik et al. (2013) while supplementing it with notions related to our approach that designates the abstraction of the scalability notion according to five hierarchical levels.
Table 1
Presentation of the scalability according to the point of view of our approach
According to the approach proposed in this paper
Description The ability to develop the power or capacity of a system by adding or modifying components (definition inspired by that of Devlin et al., 1999) Elements: infrastructure of electrical energy, actors of the energy SC.
Models of behaviour
See use case diagram.
Performance measures: the inter-zonal interactions (to measure the SC elasticity), the costs generated by each solution, the continuity of service and the rate of customer satisfaction.
Mechanisms of choice
Choice between vertical scalability and horizontal scalability. The mechanisms are based on collaboration between agents in order to minimise certain criteria for the proper functioning of the SC (see different sequence diagrams…).
Methods and tools
View resolution algorithms Implementation instrument: electrical equipment, hardware and software (see Figure 7 ). The use of a distributed platform, and a multi agent system (MAS). For design, see Figure 6 .
Epistemology Scalability is a solution used when a system is not sufficient in different domains (networking, distribution…). We have based our work on risk management in a distributed organisational structure. In the next section, we will show the risk modelling according to the SC studied and risk-based approach. Zeng and Yen (2017) proposed the following mathematical formula to quantify the impact of risk:
Risk modelling of an electrical energy SC
Based on the causal graph presented by the same authors, we present different states of an electric system with respect to the corresponding risks in Figure 2 . Part 3
Critical situations in the electrical system are caused by changes from the normal state to three other states of operation. To fall into a critical situation, the initial causes for an electric system may have natural origins (earthquake, etc.) technical reasons (failure of a system component, overload) or human reasons (Pham, 2006) . In Figure 2 , we can see different relations between parts:
1 The network manager's intervention actions carried out by the network management tools are effective in bringing the system variables.
2 If corrective actions are unsuccessful, the system may collapse.
3 If many or all loads are not supplied there would be is an interruption of service or a generalised blackout (partial or total).
Entities description:
We can define elements of the risks' causal system of using sets; each entity in Figure 3 can be formalised by the parameters present in Table 2 . 
Interaction description
An electrical system can take several states. The system is in normal state if the energy supply and operating constraints are satisfied. The system becomes in an emergency state if the operating constraints of the system are not met; this state appears in the event of line faults, overload, loss of synchronism, disconnection of materials, etc. This situation can be caused by major disturbances that take system variables outside their limits. If the network manager's intervention actions carried out by the network control tools are effective, the network is switched to the alert state. If corrective actions are not successful, the system may collapse and go into extreme condition.
The system is in an alert state if the energy supply constraint is not fully respected (some of the loads are not supplied).
The system is in an extreme state if the two constraints are not satisfied. Many or all loads are not supplied, i.e., this is an interruption of service or a generalised blackout (partial or total blackout) (Pham, 2006) .
Using formula (1), we can deduce for each impact of risks the following relationships: In these relationships, the consequences are the same: generalised power supply failure at the customer, and/or partial failure of power supply to the customer. Note that in Relationship 2, the consequence can be obtained by emergency state. In Relationship 3, the consequence can be obtained by emergency state as it is explained above. We note that, in our contribution, we are interested by risk 2 where causes are a portion of load (or all load) is not powered. Figure 3 shows the state chart for different states of an electric system: After the risk assessment, the next step is the treatment of the risk is the determination of alternative solutions to deal with the risk (Mehairjan, 2017) .
When there is an overload or loss of a component (a line, a generator, a transformer…), it is necessary to anticipate a solution. A scalability solution can be used to deal with a probable event that may be the overload or loss of a component (or its disconnection), the system can quickly restore as well. We can consider the separation of a global system into subsystems. In this work, we propose a control system including a decision-making module that can help decision-makers in an SC to respond to customer requests in an efficient way by proposing a scalability-based approach.
Proposition of the scalability-based approach for risk mitigation
According to Putnik et al. (2013) , scalability is based on two principles:
1 First principle: Several identical elements of the architecture can be linked together to have functionality or an advanced performance.
2 Second principle: A single element of the architecture can be modified by increasing/decreasing its characteristic parameters.
As it was mentioned above, an alert state appears when supply constraints are not respected, so, there will be a partial or total breakdown. From this statement, we use the hazard identification adopted from Australia New Zealand risk standard in Moja et al. (2016) , where the risk assessment has a direct link with the activities of establish content, in our case, it corresponds to the electrical network to manage; identify hazard: hazard corresponds to the shutdown of critical infrastructures which can lead to loss of life; and estimate risk: generally according to a degree of estimation.
Concerning the risk control, we have the activities of evaluating the risk, depending on the impact and consequences it may have and control the risk: here we propose the scalability approach included in the control system proposed in this paper.
In order to carry out all these activities, we have consultation and communication, in our approach, it is made via a MAS.
The following sub section shows the approach architecture proposed.
Abstract architecture of the solution
Our approach is based on a control system integrating a decisional distributed system. In fact, results of the SC processing are transmitted to the control system to be interpreted and take a decision, as is shown in Figure 4 . Note that more organisations are having their employees to complete projects as a team, because it allows the organisation to quickly adjust to the various requirements (Galli et al., 2017) . For each zone, there are entities associated with the activities of the SC: the suppliers (the supplier to which the final customer is connected), the distributors (material and human resources for the distribution of electrical energy) and the party responsible for supervision. In a realistic application study, the configuration of each zone is made from the specifications and needs mentioned in the specifications, for communications between zones can be achieved with Wi-Fi technology and fixed points (antennas).
In our approach, we associate for each actor in the SC, an agent to follow-up and control the SC processing. This solution allows agents to interact, so that risk situations do not evolve towards deterioration in performance. Inspired by ideas of Wang and Cong (2012) , the SC to which we are interested can be represented as it is shown in Figure 6 .
Several agents were used according to the associated roles, we can cite:
• Supplier agent (S): Intervenes to signal an anomaly of power supply (overload or other) at the level of the infrastructure of production of electricity infrastructure.
• Distribution agent (D): Receives alert messages and responds accordingly.
In order to avoid reaching an extreme state of the system, a scalability solution must be chosen and applied by supervisor agent.
• Supervisor agent (SUP): Responsible in the decision making and establishing relations with other supervisors.
Before presenting the functioning of this agent, we will first define different parameters used for decision making in Table 3 . Knowing that the energy storage is a highly flexible resource that has the potential to facilitate the integration of renewable energy sources such as wind and solar (Xu et al., 2017) , supervisor agent can act on the case which concerns transformer existing equipment, the supervisor agent uses the Algorithm 1.
Explanation
• Line 2 of the Algorithm 1: initialise the total cost at 0.
• Line 3 of the Algorithm 1: request is the variable relative to the required quantity in KVA of energy; int-p is the initial value of the available quantity of energy.
• Line 4 of the Algorithm 1: corresponds to the case when a transformer can no longer provide the energy load.
• Lines 5, 8, 11, 20, 25 and 30 of the Algorithm 1: propositions of scalability solutions.
• Lines 19, 24, 29, 34 of the Algorithm 1: the variable result concerns the taken decision after calculating costs.
• Line 6 of the Algorithm 1 corresponds to formula:
• Line 9 of the Algorithm 1 corresponds to formula:
• Line 12 of the Algorithm 1 corresponds to formula:
• Line 21 of the Algorithm 1 corresponds to formula:
• Line 26 of the Algorithm 1 corresponds to formula:
• Line 31 of the Algorithm 1 corresponds to formula:
The purpose of this paper is to deduce the impact of the scalability solutions. We will present the modelling of the proposed system in the next section.
Modelling of the proposed system
Unified modelling language (UML) is used to model states of a system; according to Badura (2014) , the UML language include many diagrams like use case diagram, class diagram, state diagram and activity diagram. We will present the static aspect of our solution through the classes' diagram in Figure 7 : As it is shown on Figure 7 , the electrical energy SC can contain many zones, each one includes some entities (suppliers, distributors, customers). Functional aspect of our approach is presented in the use case diagram in Figure 8 .
Dynamic aspect is presented by the sequence diagram in Figure 9 . In the second step, supervisor agent contact other supervisor agents for acquisition of material, if the response is negative, this agent must consult a list on the cloud. More explanations are available in Section 5. If the equipment does not exist, the supervisor agent affects a research on the cloud. Figure 10 shows the interaction between agents and the cloud plate form.
Figure 10
The cloud plate form in the service of agents
Used metrics and risk indicators
In this paper, we carried out experiments to measure performance of the distributed company in relation to the evolution of its infrastructure. The performance measurement was based on two points of view:
1 Metrics: We chose several metrics to compare the efficiency of vertical and horizontal scalability. The metrics selected are costs generated by each solution, the durability, the efficiency and the CO 2 emission to deduce the environmental impacts.
Risk indicators:
The application of scalability meet the quality of service regarding to the customers' number increases and the extension of the company in a dynamic environment. Distribute and share the electrical energy involves inter regional risk management and sharing, which will be seen in experiments.
Experiments
Simulation environment description
In our case, we consider an electric transformer to be the element of the architecture that is no longer 'sufficient' to supply an infrastructure. The energy consumption depends on the infrastructure that uses it; it is often measured in KVA. The value in kilo watts (Kw) indicates the output of equipment. The output KVA is obtained using the formula (8):
KVA Kw / (power factor efficiency) = *
Joshi (2008) presents some types of energy consumption; we retain the following presented in Table 4 . Energy consumption differs from one infrastructure to another, in fact, if we speak about industry, the activity exercised has a strong influence on consumption, whether it concerns the production of pharmaceutical products or Agro food production, energy consumption is different. As can be seen from the table, for heavy industry (extraction and primary processing of mineral materials, etc.) the consumption can be up to 200,000 KVA. Table 4 The different types of electricity consumption
Type Load
Single 
Simulation scenario
In our work, we will present two scenarios having two different infrastructures and their needs respectively, each one deals with the problem of risks related to the electrical energy supplying. After presenting scenarios, we will show the metrics and then agents' collaboration aspect.
Scenario 1
The first case studied concerns the supply of electricity to the plant named ElectroM which carries out their activities in light industry, in particular, for processing of assembly of household appliances. Suppose we had need of some capacity (100 KVA) and after study, we have new requirements for power supply of equipment in the manufacturing process; we would need a capacity of 200 KVA. The results are simulated over a period of 6 months in order to estimate the maintenance costs, air Conditioning costs, energy consumptions … during this period. This scenario corresponds to the first case presented in Algorithm 1. We consider data presented in Table 4 . Decision making module follows Algorithm 1.
We use MAS, where agents coordinate their behaviour and work together to achieve a shared goal through collaboration (Golpayegani et al., 2018) . The goal here is to obtain a solution using scalability, in the aim to mitigate risk of unload. To attenuate risks in the energy power SC, the supervisor agent has choice between the following solutions.
Solution 1 of vertical scalability
Replace a transformer with 250 KVA to meet a 200 KVA requirement, to obtain more energy power. Data used to calculate cost are: ACT = 700,000 u, ICT = 20,000 u. For this solution, costs are calculated following formula (6).
Solution 2 of vertical scalability
To replace with another transformer from another region of the considered network, data used to calculate cost are: CC = 400,000 u, ECT = 60,000 u. For this solution costs are calculated following formula (7).
In this solution, the supervisor agent of zone 1 must choose between zones. In the case of many zones, we suppose that distances between zone 1 and the other zones are archived in the knowledge base of supervisor agents. The choice of a zone is made according to the connection cost (CC). Figure 11 shows such a configuration. 
Solution 1 of horizontal scalability
Add batteries in the actual power system. If the cost of one battery used is 250,000 u and we have 24 batteries, data used to calculate cost are: ACB = 6,000,000 u, ACC = 40,000 u, CEV = 20,000 u, CBI = 20,000 u, DTC = 6,000 u. Costs are calculated following formula (2). The power system is then divided in two sub systems. Figure 12 shows this situation. Here, we have two loads: The first load at 50 kVA alimented by the added batteries in series and the second load at 150 kVA alimented by the existing transformer. In total, we have 200 kVA for supply all the system. We have 24 batteries, each one have capacities of 3,000 Ah and 12 volt. Concerning the autonomy of batteries in this solution, we have 2 hours and 52 minutes. We have 1,041 ampere; this result is obtained using the calculation in formula (9): (50 KVA / 48 V) 1000 1041 A * =
The autonomy is obtained by following calculation: 3,000 AH / 1,041 A = 2.88; where 2 correspond to number of hours, 0.88 * 60 = 52 minutes. In this solution, batteries can be alimented by the existing transformer; we can propose to aliment batteries from others power sources like solar panel or wind turbine, then, if we choose solar panels, the cost will be equal to the calculated cost added to costs related to formula (3). If we choose to use wind turbines, the cost will be equal to the calculated cost added to costs related to Formula 4. In this solution, there is no need to add solar panels or wind turbines, so, the parameters ACP, IC, WMC, ICW, ACWT, IC, WMC and ICW are not used.
Solution 2 of horizontal scalability
Add a generator, as it is commonly known, there are three modes of production of electric energy using the generating set:
• The production of emergency power: Generators intended to supply an establishment with electrical current in the case of a breakdown of the network. These installations automatically start when an interruption of the power supply.
• Advanced electric power generation: The advanced generator is applied to cover the peaks of the electrical network. It is automatically switched on when the need for electrical power exceeds or is likely to exceed a power threshold fixed. We use these two power generation solutions in our simulation.
• Electrical power generation: The generator is considered as an electric power producer enables the supply of a distribution network. These installations can be used in sites where power supply through a distribution network is not available and/or where construction is technically impossible or economically unsustainable.
We have many constraints here like airy place and flat deck. For this solution, costs are calculated following formula (5). Data used here to calculate cost are: ACG = 1,600,000 u, FC = 12,000 u, MC = 3,000 u, ICG = 80,000 u.
Scenario 2
It concerns another infrastructure, after a technical study, this infrastructure needs 800 KVA, while it was loaded just with 700 KVA. This scenario corresponds to the case of a transformer as an existing electrical material.
Solution 1 of vertical scalability
Replace a transformer with 1250 KVA to meet a 800 KVA requirement in the aim to obtain a great energy power. The choice of transformer capacity is made according to formula (10):
where TRP is the transformer required power, SRP is the system required power and 0.7 corresponds to 70% of the transformer capacity. In this case, we have obtain 114,285 KVA, so we choose a transformer having 1,250 KVA. Data used to calculate cost are: ACT = 2,430,000 u, ICT = 20,000 u. For this solution, costs are calculated following formula (6).
Solution 2 of vertical scalability
Add an existing transformer from another region. Data used to calculate cost are: CC = 400,000 u, ECT = 60,000 u. Costs are calculated following formula (7).
Solution 3 of vertical scalability
The solution consists on adding a new transformer to the existing one; the new transformer must have 160 KVA. Data used to calculate cost are: ACT = 750,000 u, ICT = 20,000 u. For this solution, costs are calculated following formula (6).
Solution 1 of horizontal scalability
The solution consists on adding a generator, containing 180 KAV. Data used are: ACG = 3,000,000 u, FC = 12,000 u, MC = 3,000 u, ICG = 80,000 u. Cost are calculated following formula (5).
Solution 2 of horizontal scalability
The solution consists on adding two generators, containing 180 KVA. Data used are: ACG = 3,000,000 u, FC = 12,000 u, MC = 3,000 u, ICG = 80,000 u. Cost are calculated following formula (5) for each generator installation.
For all the scalability solutions, results obtained concerns four metrics:
1 Cost: For each scalability solution mentioned above, cost is calculated, as it is shown in Figure 13 , where VS corresponds to vertical scalability and HS corresponds to horizontal scalability.
We can show that there is an evident gap between solutions, in fact, for each one, we have material to be used, cost of each one depends on its performance, the technology used to manufacture it, etc. The cost obtained by vertical scalability is less expensive than that obtained by the use of horizontal scalability in the two scenarios this may be due to the change of technology from the vertical solution to horizontal ones.
The use of transformers does not insure the electricity supply continuity, but the use of batteries can help systems to improve the continuity. In scenario 2, we use two solutions of horizontal scalability. The first solution uses one generator in which the autonomy is 8 hours. As to the second horizontal solution, it uses two generators supplying alternately the system; that insures the continuity in 16 hours. 
Inter-zonal relations and agent collaboration
Agents collaborate by messages exchanges in the aim of mitigating risks by obtaining the best solution of scalability. For each solution, supervisor agent must take into account risks sharing between sites, so, we focus this research on inter-zonal relations, and we take into account solution 2 of the vertical scalability, when many zones operate on the same goal. There will be dependency between zones in terms of:
• Energy consumption: The energy consumption will increase due to the connection of the second zone, which can induce consumption constraints on zone 1.
• Cost: Zone 2 will have to pay the charges in electricity, in addition to CCs.
It seems to be interesting to test in these scenarios, different configurations of zones; we suppose that the site 1 is concerned by risk of break. If we have 3 interconnected zones, we can obtain 2 3 configuration possibilities. In the case of 4 zones, we have 2 4 possibilities, Table 5 shows different configurations of the electrical network, where: A correspond to the available state of equipment and N corresponds to the unavailable state of equipment.
In the example of three zones, configuration 1 corresponds to the case where no site has the requested material. The supervisor of site 1 uses the cloud plate-form. Configurations 2 and 3 correspond respectively to the cases where the required equipment exists only in sites 3 and 2 the supervisor agent contacts the supervisor of sites 3 or 2 respectively. Figure 16 shows the sequence diagram of to the two configurations. In configuration 4, the required equipment is available in sites 2 and 3. Figure 17 shows the sequence diagram corresponds to configuration 4. Configurations 5, 6, 7, 8 and 9 correspond to the case where the required material is available in site 1. So, there is no need to contact other supervisor agent. Each configuration of the network has a risk level. Table 6 shows these risks levels. , 6, 7 4, 6, 7, 8, 9 2 8 10, 11, 12, 13, 14, 15, 16 1 When the required equipment exists in the concerned site, the risk level is the lowest and is equal to 1, when it is unavailable in all sites; the risk level is the highest and equal to 4.
Discussions and positioning
Discussions
We have evaluated the scalability solutions found in terms of cost, durability, carbon emission and supply continuity. As a result, we have found that vertical scalability, although it is less expensive and has a long-term durability compared to other solutions, but it is necessary to associate the material with other sources in order to assert the continuity of the signal. Therefore, a decisional system must balance between the short and the long-terms while taking into account the feasibility of the installation from the cost point of view.
Concerning the MAS, we show that agents collaborate to achieve the goal of supplying a site. The collaboration is made according to the presented risk levels. The electrical network can increase, so, it is important to emphasise on the limit of any approach based on MAS, which is the messaging latency increment over the number of peers.
Positioning
At first time, we position our contribution to the related works from the point of view of the general SC, and electrical SC metrics, in a second time, we will be interested in the works related to the management and sharing of risks.
Concerning metrics, we compare our contribution to the works presented in literature, the choice of metrics has been made with respect to the global definition of scalability, since it recommends that the SC function properly even if add resources capacities to respond to an increase in requests. Table 7 shows this study.
Table 7
Metrics comparative table
Concerning risk management, the comparative study is shown in Table 8 . In this paper, we also focus on the risk-related literature. Concerning the relationship between different risks, we have addressed the risk mitigation of the electrical power supply. The fact of having a material that cannot supply an infrastructure leads to a non-power of load and then, a non-respect of supply constraints, hence the non-satisfaction of the customer, as it is shown in Figure 3 . In this scope, a contribution is proposed, based on two approaches for risk modelling and hazard identification, both approaches have been successful in other cases, see Moja et al. (2016) and Zeng and Yen (2017) . Concerning the second point, the more the demand increases, the more the company must adapt it-selves to increase its capacity. In the case of an increase in energy demand, a scalability solution is used to satisfy customers (industrial or other infrastructure). So, the energy supply can increase using scalability solutions.
Conclusions and future work
In this manuscript, we have presented an approach to control a distributed organisation based on risk in the SC. We propose architecture, which involves a decision-making distribution included in a control system, in the aim of mitigating risks in the studied SC. The proposed approach allows us to estimate the contribution of each scalability solution to supply a system. In order to better understand how this approach works, we have presented diagrams based on UML. We have showed the experiments' results of different forms of scalability on several points: metrics related to the SC management as well as the risk indicators. The obtained results allow us to deduce the impact of scalability on the functioning of an electrical energy SC and the distributed company.
As perspectives, we propose studying the reliability of the energy supplied and taking into account more settings in energy production and distribution. We can also deal with other types of infrastructure in the aim of seeing the impact of scalability solutions in other systems using electrical energy. Likewise, we could study the use of wind turbines and solar panels could be studied with more precision in real cases.
The electricity network can be seen as a dynamic network, so, the interaction between teams could be presented using the notion of graphs where teams' members are the nodes and edges are the relation between them, see Gupta and Thakur (2015) .
Finally, we can take more investigations about the interaction between agents and measure the elasticity of the distributed system.
